Summary. The results presented in this paper indicate that delayed implantation in the roe deer is due to a lack of certain essential factors which are needed to induce and support the process of embryonic growth. These factors are eventually supplied, in the first weeks of January, as a secretion emanating from the endometrial glands. This secretion contains uterine-specific and serum proteins, about twenty free amino acids, protein-bound glucose and galactose and, rather surprisingly, a free ketose which appears to be fructose. Elongation of the roe deer blastocyst is also correlated with a rise in the concentration of plasma oestrogens, an endocrine change that may stimulate the endometrial glands into secretory activity. However, since simultaneous changes were not observed in the ovaries, the elevated oestrogen levels may be a consequence rather than a cause of embryonic growth.
INTRODUCTION
The roe deer {Capreolus capreolus) is a unique and important animal: unique, because it is the only artiodactyl known to exhibit the phenomenon of delayed implantation, and important because by studying this process one can gain insight into the way in which the uterus is able to control the growth of the embryo.
The reproductive cycle of the roe deer is summarized in Text- fig. 1 . The entire gestation period lasts about 10 months, beginning with the rut in late July or early August. Delayed implantation or embryonic diapause (Short & Hay, 1966) starts when the blastocyst has lost its zona pellucida, a few days after ovulation, and continues for 5 months until the end of December or the beginning of January. During this period the blastocyst only increases in dia¬ meter from 1 to 5 mm, but during the first 2 weeks of January a normal rate of embryonic growth is suddenly resumed and the blastocyst rapidly elongates. Embryonic elongation is followed by placental attachment and a further 5 months of normal gestation. Finally, one, two, or occasionally three, young are born in May.
The purpose of this paper is to describe the way in which the uterus at first restrains and then stimulates the growth of the roe deer blastocyst. (Marks, 1959) . The corrected absorption of flushings at 280 nm was used for the assessment of total protein while -amino nitrogen was measured using dinitrofluorobenzene as described by Goodwin, Schoenfeld & Ryland (1970) . Zinc and calcium were determined by atomic absorption spectrophotometry; in the case of calcium, EDTA was used to overcome the suppres¬ sion of calcium absorption by phosphate ion. The concentration of prosta¬ glandin F2ct in the flushings was determined by a gas chromatography-mass spectrometry technique (Kelly, 1973) .
Qualitative analysis of uterine flushings Electrophoresis of the uterine proteins was carried out on columns of polyacrylamide gel at pH 8-9 as described by Davis (1964) and Reisfeld, Lewis & Williams (1962) . A 7% solution of acrylamide was used in preparing the gel and polymerization was effected by ammonium persulphate.
Carbohydrates were separated by one-dimensional chromatography on silica gel plates employing the solvent system of 1-butanol (9) : acetic acid (6) ; diethyl ether (3); water (1) (Hay, Lewis & Smith, 1963) . The spots were located with thymol (Adachi, 1965) and the presence of ketose confirmed with the following reagents: dimedone (Adachi, 1964) , anthrone (Johanson, 1953) , /f-indolylacetic acid (Heyrovsky, 1956 ) and phloroglucinol (Menzies & Seakins, 1969) . 'Free' and 'bound' carbohydrates were separated by the addition of ethanol to the uterine flushings as described by Mann & Rottenburg (1966) for human semen. In order to hydrolyse the 'bound' fraction, the ethanol-insoluble portion from each flushing was suspended in 0-5 ml distilled water, made acid by the addition of 0-1 ml of 6 n-H2S04, and heated in a boiling water bath for 6 to 8 hr.
Amino acids were isolated by the method of Cook & Luscombe (1960) Fig. 3) . Elongation of the blastocyst was associated with the sudden and dramatic disappearance of these vesicles as they were released into the lumina of the glands (PI. 2, Fig. 4 ).
Surface ultrastructure of the endometrium
The surface of the endometrium during delayed implantation was uni¬ formly covered by numerous slender microvilli (PI. 3, Fig. 5) occasionally Text- fig. 3 . Concentration of total oestrogens in roe deer blood plasma during delayed implantation. O, Blastocyst in uterus; ·, embryo in uterus.
interrupted by small duct openings which rarely exceeded 2 µ in diameter. The onset of embryonic elongation was associated with a marked increase in the number and diameter of these duct openings together with the appearance of copious amounts of mucoid material, both in the ducts (PI. 3, Fig. 6 ) and on large areas of the endometrial surface. The surface of the endometrium also had a very irregular appearance at this time due to the bulging of individual epithelial cells into the uterine lumen (PI. 3, Fig. 7 fig. 2a ), total protein (Text- fig. 2b ), -amino nitrogen (Text- fig. 2c ) and calcium (Text- fig. 2d ) in the uterine flushings, though the levels of zinc, glucose and prostaglandin F2x remained unchanged.
Qualitative analysis of uterine flushings The electrophoresis of concentrated uterine flushings on polyacrylamide gel revealed the presence of both uterine-specific and serum proteins in the uterine lumen at the time of embryonic elongation. A major component was a uterinespecific protein present in large amounts and migrating between transferrin and albumin (PI. 3, Fig. 8) . Electrophoresis of concentrated uterine flushings obtained from deer in delayed implantation revealed the presence of a faint albumin band only, occasionally coupled with a trace of the uterine-specific protein mentioned above.
Elongation of the blastocyst was also associated with the appearance of a free hexose in the uterine flushings. The level of free glucose in these flushings was negligible and the sugar was eventually identified as a ketose which migrated parallel with fructose on thin-layer chromatography. Fructose was also identified in the fetal fluids of elongating embryos and measurable amounts were detected in the endometrium throughout delay (38 to 220 µg fructose/g endometrium). Thin layer chromatography of the hydrolysed ethanol-insoluble fraction revealed the presence of two major components which migrated parallel with glucose and galactose.
Analysis of the amino acid fraction of the uterine flushings collected at the time of rapid embryonic growth revealed the presence of twenty amino acids of which glutamine, lysine and alanine were present in the largest amounts. Use of an automatic amino acid analyser demonstrated the presence of eight amino acids in a uterine flushing taken during delayed implantation. In this case, lysine, serine and threonine were quantitatively dominant.
Plasma oestrogen
The results of this assay indicated that the eventual elongation of the roe deer blastocyst was associated with a significant ( <0·05) increase in the concentration of total oestrogens in blood plasma (Text- fig. 3 ).
DISCUSSION
The presence of branched microvilli on the surface of the blastocyst during delayed implantation has been confirmed by transmission electron microscopy (Aitken et al., 1973) . In contrast to these observations on the roe deer, the surface of the mouse blastocyst during delayed implantation is covered by short, fat, simple microvilli (Bergström, 1972) . Furthermore, the various types of imprint left on the surface of the mouse blastocyst as a result of the intimate contact between the uterine epithelium and the trophoblast during delayed implanta¬ tion (Bergström, 1972) The endometrial glands may, in turn, be under the control of oestrogen. Thus the elevated levels of oestrogen recorded at the time of rapid embryonic growth may stimulate the release of the secretion from the glands. However, since no obvious changes were observed in the roe deer ovaries during delayed implantation (Aitken et al., 1973) it is also possible that this oestrogen is embry¬ onic in origin.
